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/I 1 s 
T h i s  r e p o r t  desc r ibes  the procedures f o r  using a d i g i t a l  
computer program f o r  s imula t ing  GERT networks. 
can accommodate GERT networks w h i c h  have EXCLUSIVE-OR, INCLUSIVE-OR 
and AND l o g i c a l  ope ra t ions  a s soc ia t ed  w i t h  the inpu t  side o f  a node 
and deterministic o r  p r o b a b i l i s t i c  ope ra t ions  a s soc ia t ed  w i t h  the out-  
p u t  side o f  a node. The branches of  the GERT network a r e  descr ibed  i n  
terms of  a p r o b a b i l i t y  t h a t  the branch 
the a c t i v i t y  represented by the branch. 
this r e p o r t  t o  represent an a d d i t i v e  v a r i a b l e . )  
w i t h  a branch can be a random v a r i a b l e .  
The s imula t ion  program 
s r e a l i z e d  and a time t o  perform 
(Time i s  used throughout 
The time assoc ia t ed  
The results obtained f o r  the GERT s imula t ion  program a r e :  
(1)  
( 2 )  
(3 )  
The p r o b a b i l i t y  t h a t  a node i s  r e a l i z e d ;  
The average time t o  r e a l i z e  a node; 
An estimate o f  the s tandard  dev ia t ion  of  the time t o  r e a l i z e  
a node; 
(4) The m i n i m u m  time observed t o  r e a l i z e  a node; 
( 5 )  The maximum time observed t o  r e a l i z e  a node; and 
(6) A histogram o f  the times t o  r e a l i z e  a node. 
Normally the above information is obtained f o r  each s ink  node of  the net- 
work. The program is  written t o  permit  the above information t o  be 
obtained f o r  any node specified by the inpu t  d a t a .  
The GERT s imula t ion  program is  written i n  GASP IIA, a FORTRAN - 
based s imula t ion  language. The program has been exe rc i sed  on the IBM 1130 
i 
I 
which has a FORTRAN IV operation s e t  more res t r ic t ive  than the general 
FORTRAN IV operation set .  Therefore, the GERT simulation program can 
be used on most computers which have FORTRAN IV compilers. 
IBM 1130 w i t h  8192 words of core storage, GERT networks w i t h  up t o  30 
nodes and 40 branches can be simulated. 
On the 
The program described i n  this report has been submitted t o  COSMIC. 
i i  
USER MANUAL FOR 
GERT SIMULATION PROGRAM 
The  digi ta l  computer program for  simulating GERT networks involves 
the use of the GASP IIA simulation language. 
techniques and GASP IIA is  not necessary i n  order t o  use the GERT 
simulation program. 
describing a GERT network $or insertion into the computer. 
tions and procedures employed i n  the GERT simulation program are contained 
Knowledge of simulation 
T h i s  manual describes the input formats for  
The defini- 
i n  a companion report. (19)  The GERT simulation program af te r  receiving 
the network t o  be simulated from the i n p u t  data and the number of 
simulations of the network to  be performed, automatical ly performs a 
simulation by selecting branches t o  be traversed based on random numbers 
and the time i t  takes t o  perform the ac t iv i t ies  represented by the 
branches based on samples from the distributions inserted as i n p u t  infor 
mation. 
by the user of the program. 
user have been completed, a summary report which describes the network 
simulated and the final results i s  printed. The f inal  results include 
the following s t a t i s t i c s :  
S ta t i s t ics  are automatically collected on nodes as specified 
When a l l  simulations requested by the 
(1 )  The probability that  a specified node i s  realized; 
( 2 )  The average time t o  realize the specified node; 
( 3 )  An estimate of standard deviation of the time to  realize the 
specified node; 








(5) The maximum time observed t o  realize the specified node; and 
(6)  A histogram of the times t o  realize the specified node. 
The user of GERT simulation program need only be familiar w i t h  
the i n p u t  specifications i n  order t o  simulate a GERT network. The next 
section of this report de ta i l s  the i n p u t  variables and the formats 
associated w i t h  them. 
o u t p u t  reports from the program are presented a t  the end o f  this report. 
Examples to  i l l u s t r a t e  the i n p u t  data and the 
Program Operating Procedure 
The control cards for  the program are the standard FORTRAN control 
cards for the computer being used. 
below i n  the order i n  which they must be read i n t o  the computer. 
data card will be described separately i n  terms of the fields required. 
The variable i n  each f i e ld  will be described and the format and number 
of variables which must be inserted will be given. 
cards are special t o  the GERT simulation program. 
The i n p u t  data cards will be described 
Each 
The f irst  six data 
Data cards 7 th rough  
19 are standard GASP IIA data cards. The use of GASP IIA necessitates 
some duplication of i n p u t  data. 
Data Card 1 
Field 1. The largest  node number of the network (12, l ) *  The 
smallest node number permitted i s  2.  
number permitted on the IBM 1130 version is  31. 
Field 2. Number of nodes on which s t a t i s t i c s  are t o  be collected 
The largest  node 
(12, 1 ) .  The maximum value for the IBM 1130 version is 5. 
3. 
I 
Field 3. Number of source nodes (12, 1 ) .  A maximum of 5 is  
permitted i n  the IBM 1130 version. 
Field 4. Number of sink nodes that  must be realized before the 
network i s  realized (12, 1 ) .  A maximum of 5 i s  permitted 
in the IBM 1130 version. 
Data Card 2 
Field 1.  The node numbers for a l l  source nodes (40 12, the number 
of source nodes). For example, i f  there i s  a 2 in Field 3 
of Data Card 1 and i f  the source node numbers are 2 and 
6 then 0206 would appear in columns 1 through 4 of d a t a  
card 2. 
Field 2.  The node numbers for which s t a t i s t i c s  are t o  be collected 
(40 12, the number of nodes on which s t a t i s t i c s  are t o  be 
collected).  
Data Card 3 
Field 1.  The number of branches required t o  release each node. 
(40 12, the largest  node number assigned minus 1 ) .  
A value must be given for each number startingwith node 2 and going 
t o  the argest node number assigned. 
a value must be given t o  the number of releases associated w i t h  node 
number 3. 
value on card number 3 is the number of releases associated with node 
number 2. 
Even i f  there i s  no node number 3, 






If the number of releases assigned to a node is greater than 1, 
the AND logical operation is associated with the node. 
releases associated with a node is 1, the input side of the node is 
If the number of 
described by an OR operation. For the GERT simulation program, no dis- 
tinction is made between INCLUSIVE-OR nodes or EXCLUSIVE-OR nodes. The 
simulation automatically accounts for the difference in these node types. 
Data Card 4 
Field 1. The node type or output characteristics of each node. As 
in data card 3 ,  all numbers from 2 to the largest node 
number assigned must be given node type designators (4012, 
the largest node number assigned minus 1). 
Four codes are used to describe the output characteristics of a 
node. These codes are: 
(1)  The node has a deterministic output and each branch emanating 
from the node will be realized when the node is realized. 
However, once the node is realized it cannot be realized again 
and, therefore, the activities emanating from it cannot be 
caused to occur more than once. 
The output side of the node is probabilistic and only one of 
the branches emanating from the node is caused to occur when 
the node is realized. 
once. 
The node has a deterministic output and can be realized many 
times. Once the node is realized, it only takes one release 
(2 )  
Again, the node can only be realized 
( 3 )  
! 
5. 
for i t  t o  be realized again. 
(4)  The node has a probabilistic output side and can be realized 
many times. 
T h i s  characterization o f  nodes can cause an additional node t o  be required 
to  describe a network. 
a node, one of which i s  a feedback branch, i t  i s  necessary t o  specify 
the operations involved by two nodes. The f i rs t  node would be a node 
For example, i f  three branches are incident on 
type 1 or 2 and the second would be a node type 3 or 4. 
described above is shown below: 
The condition 
must be drawn as 
,. 1 
I 
The above discussion also i l lus t ra tes  an anomoly w i t h  regard to  the 
EXCLUSIVE-OR operation associated w i t h  an i n p u t  side of a node. If a 
branch i s  fedback t o  an EXCLUSIVE-OR node, i t  activates the node even 
though the EXCLUSIVE-OR node has been realized previously. 
EXCLUSIVE-OR operation only applies to  branches which are incident t o  
the node and can occur i n  any order. 
occur a f t e r  a forward branch, the feedback branch also causes the node 
The 










t o  be realized. 
Data Card 5 
Field 1. The lower l imit  for  the histogram t o  be obtained for 
each node on which s t a t i s t i c s  are being gathered. 
lower limits are p u t  on the card in the same order as 
the nodes are l is ted i n  Field 2 of Data Card 2. The 
value assigned will be the lower l imit  of the second 
cell  of the histogram. 
will contain the number o f  times the node was realized 
in a time lower than the lower l imit  given. 
the number o f  nodes on which s t a t i s t i c s  are t o  be 
collected.) 
The 
The f i r s t  cell  o f  the histogram 
(8F10.2, 
Data Card 6 
Field 1.  The wid th  of each cell  o f  the histogram. The widths are 
p u t  on the card in the same order as the nodes are 
l is ted in Field 2 of Data Card 2. 
nodes on which s t a t i s t i c s  are t o  be collected.) 
(8F10.2, the number of 
Data Card 7 
Field 1. The analysts name (6A2,l) 
Field 2. T h e  project number ( I 4 , l )  
Field 3 .  The month  number (12, l )  







Field 5. The year (14, 1 )  
Field 6. The number of times the network i s  to  be simulated 
(1491 1. 
Data Card 8 
Field 1. The number of ac t iv i t ies  w i t h  different time characteristics 
(1531 1 
Field 2. The number of nodes on which s t a t i s t i c s  are to  be 
collected (15,l) 
Field 3. The number of nodes on which s t a t i s t i c s  are t o  be 
collected. Field 3 is  the same as Field 2. I t  i s  
required because standard GASP IIA i n p u t  formats are 
being used. ( I 5 , l )  
Field 4. Blank ( I5 , l )  
Field 5. The number of branches i n  the network plus the number of 
ac t iv i t ies  which can occur simultaneously. 
number that can be accommodated on the IBM 1130 is  40 (15,l). 
The maximum 
Field 6. A three (3) (1531). 
Field 7. The largest  node number assigned i n  the network (15,l)  
Field 8. A twenty-two (22 )  ( I5 , l )  
Field 9. A one (1) ( I5 , l )  
Data Card 9 
Field 1. The number o f  ce l l s  to  be included i n  each histogram 
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which counts the number of times the node i s  realized 
i n  a time less than the lower limit, nor 2 )  the l a s t  
cell  when the upper limit (computed from the lower limit 
p lus  the number of ce l l s  times the w i d t h  of each ce l l )  
i s  exceeded. 
s t a t i s t i c s  are collected). 
(15, the number o f  nodes on which 
Data Card 10 
Field 1. A se t  of ones. (15, the largest  node number assigned 
w i t h  10 values on a card). For example, i f  the largest  
node number i s  24, then 3 cards are required w i t h  four 
ones on the third card. 
Data Card 11 
Field 1. A se t  of ones. (15, the largest  node number assigned 
w i t h  10 values on a card.) These cards are identical 
to the cards required for  Data Card 10. 
Data Card 12 
The parameters associated w i t h  the distribution of the time to 
perform each activity.  
different time characterization. 
Data Card 8, Field 1. The cards must be arranged by ascending act ivi ty  
number and the ac t iv i t ies  must be numbered consecutively or  blank cards 
appropriately placed. Four distribution types are available i n  the IBM 
1130 version o f  the GERT simulation program. 
One card i s  required for  each act ivi ty  w i t h  a 
The number of cards i s  specified by 




( I )  Constant 
( 2 )  Normal 
(3 )  Uniform 
(4 )  Erlang 
The f i e l d s  requi red  a r e  dependent on the d i s t r i b u t i o n  type of the 
a c t i v i t y  . 
For d i s t r i b u t i o n  type  1: 
F i e ld  1 .  The cons tan t  time (F10.4, l )  
For d i s t r i b u t i o n  type  2: 
F i e ld  1.  
F ie ld  2. The minimum value (F10.4,l)  
F i e ld  3.  The maximum value (F10.4, l )  
F ie ld  4.  The s tandard  dev ia t ion  (F10.4,l)  
The mean value (F10.4, l )  
For d i s t r i b u t i o n  type  3: 
Fie ld  1. Not Used (F10.4, l )  
F i e ld  2.  The m i n i m u m  value (F10.4,l)  
F i e ld  3.  The maximum va lue  (F10.4, l )  
F i e ld  4. Not Used (F10.4, l )  
For d i s t r i b u t i o n  type  4: 
F i e ld  1 .  The mean d iv ided  by the va lue  given t o  F ie ld  4 
(F10*4,1) 
F ie ld  2. The m i n i m u m  value (F10.4, l )  
F i e ld  3.  The maximum value  (F10.4, l )  
F i e ld  4. T h e  number of  exponent ia l  d e v i a t e s  t o  be included i n  
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If Field 4 is set equal t o  1, an exponential deviate 
will be obtained from distribution type 4. 
Samples are obtained from the distributions such that if a sample 
is less than the minimum value, the sample value is given the minimum 
value. 
the sample value is assigned the maximum value. This is not sampling 
from a truncated distribution but sampling from a distribution with a 
given probability of obtaining the minimum and maximum values. 
simulation program has been written to facilitate the adding of other 
distribution types. 
other distribution types are available (14',23), 
Similarly, if the sample is greater than the maximum value, 
The GERT 
FORTRAN subroutines for obtaining deviates from 
Data Card 13 
Field 1. A zero (I5,l) 
Field 2 .  A one (I5,l) 
Field 3. A zero (I5,l) 
Field 4. A one (I5,l) 
Field 5. A 0.0 (F10.3,l) 
Field 6. Blank (F10.3,l) 
Field 7. The random number seed (I4,l) 
Data Card 14 




Data Card 15 
Field 1. 
Field 2. 
A one in column 10 (110,l) 
A zero in column 20 (110,l) 
Field 3. 
Field 4. 
A zero in column 30 (Il0,l) 
A zero in column 40 (110,l) 
Data Card 16 
Field 1. A 0.0 (F10.4,l) 
Data Cards 17 and 18 
For each activity associated with the network, two data cards 
are required. 
for Data Card 18. For Data Card 17 the fields are: 
One in the format for Data Card 17 and one in the format 
Field 1. Start node (110,l) 
Field 2. End node (I10,l) 
Field 3. 
Field 4. 
The activity number (I10,l) 
The distribution type (I10,l) 
For each activity the Data Card type 18 contains only one field. 
This field contains the cumulative probability that the activity emanating 
from the start node as described in the Data Card type 17 will be taken. 
For a deterministic node,(node types 1 and 3), this probability will 
always be 1 .O. 
cumulative probability is inserted in Field 1 (F10.4,l). An illustration 
of Data Cards 17 and 18 for two branches from a probabilistic node is 
given below. 







Number F ie ld  1 F ie ld  2 F ie ld  3 F ie ld  4 
17 7 8 i o  2 
18 .0.3 
17 7 8 11 4 
18 1 .o 
For the example, the d i s t r i b u t i o n  type and a c t i v i t y  numbers were 
s e l e c t e d  a r b i t r a r i l y  and t10 i s  normally d i s t r i b u t e d  and t l l  i s  Erlang 
d i s t r i b u t e d .  
cumulative p r o b a b i l i t y  i s  requi red .  
Note i n  d a t a  card 18, a 1.0 i s  used, no t  0 .7 ,  since the 
Data Card 19 
F ie ld  1.  A ze ro  ( I 1 0 , l )  
A Data Card 19 is  requi red  a f t e r  a l l  Data Cards 17 and 18 a r e  
inserted. I t  specifies the end o f  the d a t a  cards .  
Multiple networks can be analyzed by s t ack ing  the d a t a  ca rds  a s  
descr ibed  above, one a f t e r  another .  
da t a  ca rds  f o r  each network. 
end of  a l l  networks t o  be s imulated.  
A blank card  is requi red  t o  i n d i c a t e  the 
13. 
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Limitations on the Variables for  the IBM 1130 GERT Simulation Program 
The largest  node number must be less than or equal t o  31. The 
number of nodes on which s t a t i s t i c s  are collected must be less than or 
equal to  5. 
The number of ac t iv i t ies  (branches) which can be included i s  
By us ing  the LOCAL storage dependent on core storage availabil i ty.  
concept of the IBM 1130, the number o f  ac t iv i t ies  can be increased a t  
the expense of computer execution time. 
the number of ac t iv i t ies  are: 
The changes required to  increase 
1 .  The DIMENSION card of the main program so that  the dimension 
of NSET is 5*ID and for  QSET i s  ID where ID i s  the number o f  
ac t iv i t ies  plus the maximum number of simultaneous end of 
ac t iv i t ies  events ; and 
2. Data Card 8, Field 5 where ID is  ini t ia l ized.  
The maximum number of sets  of parameters for the distributions 
associated with an act ivi ty  is  40. 
the same act ivi ty  number. 
DATAN, SUMRY, OTPUT, MONTR, HISTO, COLCT, RNORM, ERLNG,  and RMOVE. 
However different branches can have 
Subprograms which can be p u t  in LOCAL are: 
The GERT simulation program has been written in general terms 
and i f  a larger core memory i s  available, only the COMMON and DIMENSION 
statements associated w i t h  the program need be changed i n  order t o  remove 






Four examples will be presented. The purpose of the examples 
is t o  i l l u s t r a t e  the input required t o  u t i l i ze  the GERT simulation 
program and the o u t p u t  obtained from the GERT simulation program. 
each example the network will be i l lus t ra ted ,  the input required for 
the GERT simulation program presented and the o u t p u t  obtained will be 
displayed. 
contained in a companion report (19).  
For 
Details o f  the method for performing the simulation i s  
Example 1 
The f i r s t  example involves the analysis o f  a simple network with 
one se l f  loop as shown i n  F ig .  1 .  The s t a r t  node is node 2 since a l l  
node numbers must have a value of 2 or  greater. 
associated w i t h  each branch of the network are shown as the f i r s t  entry 
The probabilities 
of the 2-tuple given above each branch. 
variable where the subscript ident i f ies  the parameter se t  associated 
w i t h  the time variable. This convention will be followed throughout  
a l l  the examples. For Example 1 ,  a l l  times will be considered a s  
constants and tl = 1 ,  t2 = 2 ,  and t3 = 3. 
network will be described in terms of the data cards required as input 
The second entry i s  the time 
The characterist ics of the 
t o  the GERT simulation program. 
The input d a t a  t o  analyze the network shown i n  Fig.  1 i s  
presented in Fig. 2. 
The data card number i s  shown on the l e f t  of the figure and i s  no t  par t  
of the i n p u t  da ta .  The f i r s t  data card specifies that  the largest  node 
Each l ine i n  Fig.  2 represents one d a t a  card. 






























Fig. 1 The Network f o r  Example 1 
C O L U M N S  
Fig. 2 The I n p u t  Data for Example 1 
16. 
I 
number is  4 ,  there is one node on which s t a t i s t i c s  are  to be collected, 
there i s  one source node, and i t  is only required t o  realized one s i n k  
node i n  order to  realize the network. On data card type 2 ,  the source 
node i s  specified as node 2 and the s i n k  node as node 4. 
s t a t i s t i c s  will be collected on the time to realize node 4 and the 
network will be realized when node 4 i s  realized. 
the number of releases associated w i t h  nodes 2 ,  3 and 4 are given as 
0 ,  1 and 1.  On data card type 4,  node 2 is  defined t o  have a deter- 
ministic output s ize  (node type 1 ) .  
side and can be realized more than once (node type 4 ) ,  and node 4 is  
shown w i t h  a deterministic output side (for  s i n k  nodes the o u t p u t  descrip 
t i o n  of the node i s  immaterial). 
l imit  and width of the histogram are given as 3.0 and 3.0. The above 
completes the specialized data cards required for  the GERT simulation 
program. 
types 7 through 19. 
In this case, 
On data card type 3 
Node 3 has a probabilistic output 
On data card types 5 and 6 ,  the lower 
The data required for GASP IIA is contained i n  data card 
Data card type 7 presents identification information and the 
number of s imulat ions of the network to  be performed. 
the l a s t  data f ie ld  and is  1000. 
specifies the number of cards of type 12 t o  be read. 
there are three parameter sets  to  be read. 
8, a value of 30 is  used as the maximum number of branches i n  the 
network plus the number of simultaneous ac t iv i t ies  which can occur. 
By u s i n g  30 instead of 40, a l l  subroutines mentioned i n  the preceeding 
section need not be inserted in LOCAL. T h i s  causes a fas ter  execution 
This is  given i n  
On data card type 8, the f i rs t  f ie ld  
For Example 1 ,  
In  Field 5 of data card type 
\ 
17. 
t ime f o r  t h e  s imu la t ion  program. 
the  i n p u t  s p e c i f i c a t i o n  presented prev ious ly .  
Data card  types 9 through 11 f o l l o w  
The th ree  cards o f  type 
12 prov ide the  data f o r  t h e  constant  t ime associated w i t h  the  th ree  
a c t i v i t i e s  o f  the network. These must be i nse r ted  i n  the  order  i n  which 
the  a c t i v i t i e s  are defined. Thus a c t i v i t y  1 has a constant t ime o f  
1 t ime u n i t ,  a c t i v i t y  2 has a constant  t ime o f  2 t ime un i t s ,  and 
a c t i v i t y  3 has a constant t ime o f  3 u n i t s .  The in fo rmat ion  t h a t  these 
times are  constant  i s  contained i n  the  a c t i v i t y  descr ip t ions  which are 
provided by data card type 17. 
Data cards 13 through 16 are i n  t h e  standard form presented i n  
the  previous sect ion.  
i n  data card type 13. 
associated w i t h  each branch o f  t he  network i s  provided. 
sequenced DATl 190 and DATl 200, a branch from node 2 t o  node 3 i s  
described. 
and has a d i s t r i b u t i o n  o f  type 1. 
from node 2 t o  node 3 i s  one as seen from the  type 18 data card shown 
i n  card number DATl 200. On the  card sequenced as DATl 220, the  pro- 
b a b i l i t y  of going from node 3 t o  4 i s  g iven as 0.7. 
sequenced as DATl 240 a value o f  1.0 i s  shown. To ob ta in  the  p r o b a b i l i t y  
o f  going from node 3 t o  node 3, 0.7 must be subtracted from the  1.0 s ince 
the  cumulative p r o b a b i l i t y  must be i nse r ted  i n  data card type 18. A zero 
i s  i nse r ted  i n  column 10 o f  data card 19 t o  i n d i c a t e  the  end o f  t he  data. 
The i n i t i a l  random number seed i s  0567 as shown 
On data card  types 17 and 18, t he  in fo rmat ion  
On the  cards 
This  a c t i v i t y  has parameters described by parameter s e t  1 
The p r o b a b i l i t y  o f  t ak ing  the  branch 
On the  card 
The f i r s t  ou tpu t  obtained f o r  t he  GERT s imu la t ion  program i s  an echo 
check o f  t h e  parameter s e t  and t h e  GASP storage area (Fig. 3) which contains 
, 
S I M U L A T I O N  PROJECT NO. 1 BY P R I T S K E R  
DATE 7/  30/ 1968 RUN NUMBER 1 
PARAMETER NO. 1 
PARAMETER NO. 2 
PARAMETER NO. 3 
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1.0000 0 . 0000 0.0000 0.0000 
2.0000 0 . 0000 0.0000 0 . 0000 
300000 0.0000 0 . 0000 0.0000 




































































































t he  network desc r ip t i on  i n  coded form. 
t h e  i n p u t  data has been completely read by the  computer. 
manual (22) provides i n s t r u c t i o n s  f o r  reading the  echo check and 
g ives the  d e f i n t i o n s  o f  t h e  GASP e r r o r  codes. When the  s imu la t ion  i s  
completed a r e p o r t  i s  p r i n t e d  which g ives the  network desc r ip t i on  and 
the  a c t i v i t y  parameters f o r  the  network. 
s imu la t ion  fo r  Example 1 i s  presented i n  Fig. 4. 
p r i n t e d  on a separate page as shown i n  Fig. 5. 
1000 s imulat ions of t he  network presented i n  F ig .  1 and show t h a t  t he  
p r o b a b i l i t y  o f  reaching node 4 i s  1.0 and t h a t  the  mean t ime t o  r e a l i z e  
node 4 was 4.299 w i t h  a standard dev ia t i on  o f  2.3356. 
When t h i s  echo check i s  p r in ted ,  
The GASP 
The r e p o r t  obtained from the  
The f i n a l  r e s u l t s  a re  
The r e s u l t s  are f o r  
The GERT EXCLUSIVE- 
OR program (11) was used t o  analyze the  network o f  Fig. 1 and the  r e s u l t s  
obtained were a mean value o f  4.288 and a standard dev ia t i on  o f  2.360. 
A comparison o f  t he  histogram shown i n  Fig. 5 w i t h  the  theo re t i ca l  
p r o b a b i l i t i e s  i s  shown below: 
Theore ti c a l  
Number 
Time 
Node 4 i s  
Real i zed 
Observed 
Number 
3 695 700.00 
6 21 2 210.00 
9 69 63.00 
12 18 18.90 
15 2 5.67 
18 3 1.70 













OERT SIMULATION PROJtCT 1 BY PRITSCIER 
DATL I /  30/ 1960 
**NETWORK DESCRIPTIOW*+ 
EN0 ACT1 V I T Y  DISTR IBUT ION PROBAB I L I TY 














Fig. 4. The Network Description and Activity Parameters for Example 1 
CERT SIMULATION PROJECT 1 BY PRITSKER 
DATE 7/ 30/ 1968 
4 
**FINAL RESULTS FOR 1000 SIMULATIONS** 
NODE PROBr MEAN STDeDEVe M I N I  MAX a 
4 1.0000 4 r 2 9 9 0  2.1356 3.0000 21b0000 
**HISTOGRAMS** 
LOWER CELL 
NODE L I M I T  WIDTH FREQUENCIES 
20. 
4 3 b  3r0 0 693 212 6 9  10 2 a 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
Fig. 5. Final Results For 1,000 Simulations o f  the Network Given in Fig. 1 
21. 






The network for  Example 2 is shown i n  Fig.  6 ,  and is  taken 
The network has 2 from reference (11) w i t h  s l i g h t  modifications. 
source nodes and 2 s i n k  nodes, and will be used t o  describe the i n p u t  
data for  networks w i t h  mu1 t i p l e  source nodes. 
Firs t  the network will be analyzed with one source node, node 9 
and two sink nodes only one of which must be realized i n  order t o  
realize the network. 
The fac t  that  only one source node is  being used i s  specified by Field 3 
of data card type 1. 
type 2 ,  Field 1. 
realized to  realize the network i s  given by Field 4 of data card type 1 .  
The i n p u t  data for  this network is  shown i n  F ig .  7. 
The source node i s  defined as node 9 i n  data card 
The information that only one s i n k  node must be 
S ta t i s t ics  are to  be collected on two nodes as defined i n  Field 2 of 
data card type 1 and Field 2 of data card type 2 defines nodes 7 and 8 
as the nodes on which s t a t i s t i c s  are t o  be collected. Even t h o u g h  the 
branch from node 2 t o  node 4 is  not being used i n  this simulation since 
node 2 was not specified as a source node i t  can be included as part 
of the i n p u t  information as shown by the cards sequenced as DAT2 
and 280. 
node 9 and does not schedule ac t iv i t ies  from node 2. 
270 
The program automatically s t a r t s  the simulation from source 
Figure 8 presents the network description and the act ivi ty  
parameters which are printed out by the GASP simulation program. 
presents the final report obtained from the GASP simulation program for  400 
simulations of the network described i n  Fig.  6 when the source node i s  
node 9. 
Figure 9 
Note that the final report does not specify the source node 
22. 































































































O A T 2  05  
O A T 2  10 
D A T Z  20 
D A T Z  30 
O A T 2  40 
D A T Z  50 
D A T Z  60 
O A T 2  70 
O A T 2  80 
D A T 2  90 
O A T 2  100 
D A T 2  110 
O A T 2  120 
O A T 2  130 
D 4 f 2  140 
D A T Z  150 
O A T 2  160 
D A T 2  170 
O A T 2  180 
D A T Z  190 
D A T 2  200 
D A T 2  210 
O A T 2  2 2 0  
O A T 2  230 
D A T Z  240 
D A T Z  250  
D A T Z  260 
D A T Z  270 
D A T Z  280 
O A T 2  290 
O A T 2  300 
O A T 2  310 
O A T 2  3 2 0  
D A T Z  330 
O A T 2  340 
D A T Z  350 
O A T 2  360 
D A T Z  379 
D A T 2  380 
D A T 2  390 
D A T Z  400 
O A T 2  410 
D A T Z  420 
O A T 2  430 
D A T Z  440 
D A T 2  450 
Fig. 7 Input  data f o r  Example 2 With Node 9 as the Source Node 
23. 
CERT SIMULATKON PROJECT 2 BY PRITSKER 
DATE 7 /  30/ 1968 
24. 
++NETWORK DESCRIPTION** 
END ACT IV I T Y  DISTRIBUTION 

























1 a 0000 
0.6000 
0.1000 
0 e 3000 
0 e 7000 
018000 
0e2000 
0 a 7000 












ACT1 V I  TY 
NUMBER 
PARAMETERS 
















0 a 0000 
0 a0000 
000000 
0 a 0000 
0 a 0000 
0 a 0000 
0 a 0000 
0 a 0000 
0 a 0000 
0 . 0000 
o e  0000 
0 a 0000 
0 a 0000 












1 a 0000 
1 a 0000 
2.0000 
2 a0000 
0 a 0000 
0.0000 
4r0000 
3 4 0000 
7.0000 
6.0000 
Fig. 8 Network Descr ip t ion  and Ac t iv i ty  Parameters f o r  the Input 
Data of Fig. 7 
CERT SIMULATION PROJECT 2 BY PRITSKER 
DATE 7 /  301 1968 
*+FINAL RESULTS FOR 400 SIMULATIONS+* 
NODE PROBa MEAN STDIDEVa M I N I  MAX a 
7 0.6025 5.9419 6.4108 3r0000 42.0000 
8 0.3975 819182 7.1794 5 a O Q O O  51.0000 
**HISTOGRAMS** 
LOWER CELL 
NODE L I M I T  WIDTH FREQUENCIES 
7 2. 2.0 0 190 0 0 0 0 26 0 9 0 6 
0 7 0 0 0 2 0 0 0 0 1 
8 2. 2.0 0 0 107 0 0 0 24  13 0 0 4 
3 0 1 0 2 1 0 0 0 1 1 






F ie ld  1 of  Data Card 2 involves  both nodes 9 and 2. Data Card 2 would 
be a s  shown below: 
09020708 
The p r o j e c t  number a s  given i n  F ie ld  2 o f  Data Card 7 is  now changed t o  
22. The f i n a l  result f o r  400 s imula t ions  of  the network w i t h  2 source  
nodes i s  shown i n  Fig. 11. 
A word of  cau t ion  should be given here about  a t tempt ing  t o  
s imula te  the network of  Fig. 6 w i t h  2 source  nodes and 2 s i n k  nodes and 
r equ i r ing  t h a t  both sink nodes be r e a l i z e d  f o r  the network t o  be 
r e a l i z e d .  
i s  poss ib l e  t h a t  the 2 sink nodes will never be r e a l i z e d  during a 
s imula t ion  of  the network. 
will be repor ted .  
f o r  w h i c h  a l l  sink nodes w h i c h  must be r e a l i z e d  can be r e a l i z e d .  That 
i s ,  i f  i t  i s  r equ i r ed  t o  r e a l i z e  three s i n k  nodes before  r e a l i z i n g  the 
network, then a l l  three s i n k  nodes must be r e a l i z e d  f o r  every s imula t ion  
of  the network. 
Since both source  nodes can lead  t o  a s i n g l e  s i n k  node, i t  
When this occurs ,  a GASP e r r o r  type  87  
I t  is the a n a l y s t ' s  r e s p o n s i b i l i t y  t o  prepare networks 
Example 3 
The network s e l e c t e d  f o r  Example 3 is  given i n  Fig. 12. I t  i s  given 
from the GASP manual (22) and i s  a s tandard  PERT-type network. The 
i n p u t  d a t a  f o r  the network shown i n  Fig. 12 i s  given i n  Fig. 13. The 
time v a r i a b l e s  of  the branches a r e  assumed t o  be normally d i s t r i b u t e d .  
The parameters f o r  the normal d i s t r i b u t i o n  a r e  given on the d a t a  ca rds  
CERT SIMULATION PROJECT 2 1  BY PRITSKER 
DATE 7 /  30/ 1968  
27. 
**FINAL RESULTS FOR 4 0 0  SIMULATIONS** 
NODE PRO0 . MEAN STDeDEVe M I N e  MAX 
0.3400 10.2794 6.6885 6.0000 40.0000 





NODE L I M I T  WIDTH FREQUENCIES 
7 2 .  2.0 0 0 0 8 7  0 0 0 







8 2 .  2.0 0 200 0 0 0 38 J 







Fig. 10 Final Results of GERT Simulation Program When Node 2 is  the Source 
Node f o r  the Network Given i n  F i g .  6 
GERT SIMULATION PROJECT 22 @ Y  PRITSKER 
DATE 7 /  301  1968 
1 
**FINAL RESULTS FOR 400 SIMULATIONS*+ 
NODE PRO0 e MEAN STDeDEVa MIN. MAX. 
7 0.5424 3re156 2.9475 3.0000 30.0000 




NODE L I M I T  WIDTH FREQUENCIES 
7 2 .  2.0 0 187 0 22 0 0 2 







8 2 .  2.0 0 106  6 6  0 0 10 1 







Fig. 11 Final Results When Nodes 2 and 9 of Fig. 6 a r e  Source Nodes 
. . I  
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Fig. 13 The Input Data for Example 3 
0 
D A T 3  10 
D A T 3  2 0  
D A T 3  30 
D A T 3  40 
D A T 3  50 
D A T 3  60 
D A T 3  70 
D A T 3  80 
D A T 3  90 
D A T 3  100 
D A T 3  110 
O A T 3  120 
D A T 3  130 
D A T 3  140 
D A T 3  150  
O A T 3  160 
D A T 3  170 
D A T 3  180 
D A T 3  190 
D A T 3  200 
D A T 3  210 
D A T 3  220 
D A T 3  230 
D A T 3  240 
D A T 3  250  
O A T 3  260 
D A T 3  270 
0473 280 
D A T 3  290 
D A T 3  300 
O A T 3  310 
O A T 3  320 
QAT3 330  
D A T 3  340 
D A T 3  350 
D A T 3  360 
D A T 3  370 
D A T 3  380 
D A T 3  390 
D A T 3  400 
D A T 3  410 
D A T 3  420 
D A T 3  430 
D A T 3  440 
D A T 3  450 
D A T 3  460 
E A T 3  L7O 
O A T 3  489 
D A T 3  490 
D A T 3  500 
D A T 3  510 
D A T 3  520 
D A T 3  530  
D A f 3  540 
i f 3  554 
30. 
i 
, /  B 
sequenced from DAT3 120 to  DAT3 240. 
2 indicates tha t  the times are normally distributed. The network 
description and the act ivi ty  parameters obtained from the GERT simula- 
t i o n  program are shown i n  F ig .  14. The final resul ts  for  400 simulations 
of the network are shown i n  F ig .  15. 
In Field 4 of data card type 17 a 
In this example s t a t i s t i c s  were collected on nodes 5 ,  6 ,  7 ,  8 
T h i s  i s  accomplished by specifying tha t  there are f ive nodes and 9. 
on which s t a t i s t i c s  are t o  be collected and tha t  i t  i s  required to  
realize a l l  f ive nodes before the network is  realized. 
i n  data card type 1. 
T h i s  i s  specified 
Example 4 
The network of Example 4 i s  taken from reference ( 7 )  and i s  shown 
i n  Fig. 16. 
and 32 branches. 
the times for  the branches i s  only 4. 
need be used w i t h  this network. 
branches have common parameter sets .  
Field 3 where the act ivi ty  number i s  the same for  many of the branches. 
T h i s  network also i l lus t ra tes  a simulation of a network involving the 
different logical operations associated w i t h  GERT networks. 
data fo r  this network is shown i n  Fig.  17. 
act ivi ty  parameters i s  given i n  Fig. 18. 
simulations of the network is  presented i n  Fig.  19. 
This network has 19 nodes numbered from node 2 t o  node 20 
The number o f  different parameters associated w i t h  
Therefore, only 4 parameter sets  
The example i l lus t ra tes  the i n p u t  when 
T h i s  is  seen i n  data card type 17, 
The i n p u t  
The network description and 
















CERT S I M U L A T I O N  PROJECT 3 BY P R I T S K E R  
DATE 8 /  1/ 1968 
31, 












































+ * A C T I V I T Y  PARAMETERS*+ 



















































































1 o 1800 
103400 
F ig .  14 The Network Description and Activity Parameters for Example 3 
I 
GERT S I M U L A T I O N  PROJECT 3 BY P R I T S K E R  
DATE 8/ 1/ 1968 
32. 
**FINAL RESULTS FOR 400 SIMULATIONS**  
i NODE PROB. MEAN STDeDEV. M I N I  MAX. 
5 1.0000 16.8135 1.6645 1193974 22.2840 
6 1.0000 10.7760 1.3891 6.4889 14.9853 
7 fa0000 21.0646 202413 14+8873 2706319 
8 100000 24.2792 2.3347 1708410 32.0413 





i I LOWER CELL 
NODE L I M I T  WIDTH FREQUENCIES 
i 
I 
3 12. 1.0 1 4 10 40 65 105 83 55 23 10 3 
1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
6 5. 1.0 0 0 1 8 23 84 107 100 55 16 6 
I 7 16. 1.0 5 9 17 41 54 72 74 58 30 22 10 
6 2 0 0 0 0 0 0 0 0 0 
SI 18. 1.0 1 2 9 13 45 51 59 75 59 39 19 
19 4 4 0 1 0 0 0 0 0 0 
I 
1 9 32 1.0 0 0 0 1 3 5 16 25 35 56 60 
1 55 48 33 30 13 11 6 0 1 2 0 
i 
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D A T 4  10 
D A T 4  L O  
O A T 4  30 
D A T 4  40 
D A T 4  50 
D A T 4  60 
D A T 4  70 
D A T 4  a0 
D A T 4  90 
D A T 4  100 
D A T 4  110 
D A T 4  120 
D 4 T 4  130 
D A T 4  140 
D A T 4  150 
D A T 4  160 
D A T 4  170 
U A T 4  180 
D A T 4  190 
D A T 4  20P 
D A T 4  210  
D A T 4  220 
D A T 4  2 3 3  
D A T 4  240 
D A T 4  250 
D A T 4  260 
D A T 4  270 
D A T 4  280 
D A T 4  290 
D A T 4  300 
D A T 4  310 
D A T 4  320 
D A T 4  330 
D A T 4  340 
D A T 4  350  
D A T 4  360 
D A T 4  570 
O A T 4  380 
D A T 4  390 
D A T 4  400 
D A T 4  410 
D A T 4  420 
D A T 4  4 3 0  
D A T 4  440 
O A T 4  450 
O A T 4  469 
D A T 4  470 
D A T 4  480 
D A T 4  490 
D A T 4  500  
D A T 4  510 
D A T 4  520 
D A T 4  530 
D A T 4  540 
D A T 4  550  
D A T 4  560 
D A T 4  570 
D A T 4  580 
D A T 4  590 
D A T 4  6C3 
D A T 4  610 
D A T 4  620 
D A T 4  630 
D A T 4  640 
D A T 4  650 
D A T 4  660 
D A T 4  670 
D A T 4  660 
D A T 4  690 
D A T 4  7 6 0  
D A T 4  710 
D A T 4  720 
O A T 4  730 
D A T 4  740 
D A T 4  750 
D A T 4  760 
D A T 4  7 7 0  
D A T Q  780 
D A T 4  790 
D A T 4  800 
3 A T 4  510  
D A T 4  $20 
O A T 4  830  
D A T 4  840 
O A T 4  850 
D A T 4  86C 
C O L U M N S  
1 2 3 4 I 
0 0 0 0 ( 
)IO1 
1820 
1 1 1 1 4 1 1 1 1 1 1 1 1 4 1 1 1  
2 2 2 2 1 1 1 1 2 2 2 2 2 1  
5.0 5.0 
1 1  
1 1  
1 1  








































































1 b o  
1.0 
1 11 
Fig. 17 The Input  Data f o r  Simulating t he  Network Given i n  Fig. 16 
34. 
- 1  
i 
GERT S I V U C A T I G N  PROJECT 4 9 Y  Y O N A L D  EPJLUW 
D A T E  a /  51 1968 
35 
**NETX!G)2K DESCRIPTION**  
START € 4 0  A C T I V I T Y  D I S T Q  I B U T  IOiV 


















1 1  
11 
11 
1 2  
1 2  
1 3  
1 3  
14 
1 4  
1 5  
1 5  
1 6  
1 6  
1 7  
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'I 
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Pig. 18 The Network Description and Activity Parameters for  the 
Input Data Given i n  Fig. 17 
4 
\ 
GERT S I V U L A T I O N  P R O J E C T  4 e Y  RONALD E N L O W  
D A T E  8 /  5/ 1968 
36. 
*+FINAL RECULTS FOR 400 SIMULATIONS** 
NODE PROP,. "EAN STD. DEL'. MIN. Y A X  a 
9 0.0925 23.7219 2.1037 18.9812 27.6837 
13 0.0525 38.1142 9.0602 25.6621 50.3755 
23 3.3653 24.1574 10.9763 11.7053 51.1187 
+*HISTOGRAMS** 
FREOUEKCIES 
? 5 .  5.0 0 0 0 0 1 23 9 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
1 3  0 .  5.0 0 0 0 0 0 0 5 6 0 4 5 
1 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 c) 0 0 0 0 0 0 
20  ij. 5.G 0 0 0 137 34 G 41 97 7 8 1 6  
Fig. 19 Final Results for 400 Simulations o f  the Network Given in Fig. 16 
37. 
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